I. INTRODUCTION
t is known that a physical problem can be locally characterized by a differential equation and globally by an integral equation. The former can be numerically solved by a domain method (such as the finite element method and the finite difference method), yielding a sparse matrix; while the latter can be solved by a boundary method (such as the moment method and the boundary element method), yielding a dense matrix. The order of the sparse matrix obtained from the differential equation formulation is usually much higher than the dense matrix from the integral equation formulation.
When the differential equation is defined in a domain of infinite extent, an artificial boundary (truncated boundary) must be introduced to truncate the domain to keep the unknowns finite. To simulate the original field behavior on the truncated boundary without introducing too much distortion, an appropriate boundary condition called absorbing boundary condition must be imposed to diminish the artificial reflections from the truncated boundary. Many research endeavors have been made to devise and improve various absorbing boundary conditions [1] - [19] .
The absorbing boundary conditions are basically a relationship or a differential equation relating the field and its normal derivative on the truncated boundary. Kriegsmann, Taflove and Umashankar reported an interesting technique, W. Geyi is with the College of Electronic and Information Engineering, Nanjing University of Information Science and Technology, Nanjing, 210044, P.R. China, (e-mail: wengeyi@rogers.com).
. called on-surface radiation conditions(OSRC), to solve a two-dimensional electromagnetic scattering problem [7] , which was then extended and elaborated by many other authors [8] - [19] . Instead of some distance away from the scatterer, the OSRC directly applies the radiation boundary conditions to the surface of the scatterer, which constitutes an Ansatz in the formulation of OSRC. The current distribution can then be obtained analytically for TM incidence or by solving an ordinary differential equation for TE incidence. The above procedure of obtaining the OSRC is a gigantic step as described by Jones, and its validity has never been rigorously proved, and therefore is open to question [8] .
The OSRC is essentially a differential equation defined on the surface of the scatterer and it may be conveniently referred to as the boundary differential equation (BDE). The boundary differential equation, when it is solved numerically, costs much less computational time as it results in a sparse matrix while the order of the matrix is much smaller since all the unknowns are confined to the surface of the scatterer.
In this paper, new boundary differential equations for the scattering problem in two-dimensional space will be derived by using a more rigorous approach without resorting to the Ansatz as in the formulation of OSRC. A body-fitted coordinate system will be used [8] , [13] in which the Helmholtz equation can be reduced to the well-known inhomogeneous Bessel's equation. By imposing the Sommerfeld radiation condition to the general solution of the Bessel's equation, an integro-differential equation can be obtained, which gives a functional relationship between the field and its normal derivative. For high frequency problems, the integral appearing in the integro-differential equation can be eliminated by use of integration by parts, yielding the boundary differential equations on the surface of the scatterer, which are quite different from the previous ones derived from the OSRC. The numerical results will be presented to demonstrate the applicability and effectiveness of the new boundary differential equations.
II. HELMHOLTZ EQUATION IN BODY-FITTED COORDINATE SYSTEM
The two-dimensional scalar Helmholtz equation is given by (1) where k is the wavenumber,  is a convex domain bounded by  . Let  be a closed curve enclosing  . We assume that  is parallel to  in the sense that  is obtained by a constant offset The curvature  of  at P can thus be expressed in terms of
In the curvilinear orthogonal system ( , ) s 
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Since s is the arc length we have 
where 
Therefore the Helmholtz equation (1) can be transformed into an inhomogeneous Bessel's equation of zeroth order in the body-fitted coordinate system for an arbitrary convex scatterer.
III. THE BOUNDARY DIFFERENTIAL EQUATIONS
The general solution of (6) can be expressed as
where A and B are two constants independent of  ; 0 
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When  is sufficiently large,  must satisfy the radiation condition lim 0. jk
Substituting (11) and (12) into (13) and making use of the asymptotic expressions for the Bessel functions, we obtain   
It should be noted that both 0 () 
Substituting this into (14) leads to 
If the terms higher than 1/ k are ignored in the above equation,
Equations (17), (18) and (19) are the boundary differential equations for Helmholtz equation. Note that the second-order derivative along the normal direction in (4) has been removed in the boundary differential equations.
IV. SCATTERING BY CONDUCTING CYLINDERS
The boundary differential equations (17) and (18) will now be used to study the scattering problems by a convex conducting cylinder. An external field incident upon the cylinder induces a current distribution on its surface, which then produces a scattered field. In order to find the current distribution, one has to solve a Dirichlet boundary value problem for TM (transverse magnetic) incidence, where the scalar field  is specified on the surface of the conducting cylinder. For TE (transverse electric) incidence, one has to solve a Neumann boundary value problem, where the normal derivative of the field  is assumed to be known on the surface of the conducting cylinder.
A. TM Incidence
As shown in Figure 2 , a TM plane wave with electric field in E is assumed to be incident upon a uniform conducting cylinder at an angle  with respect to the positive x -axis Figure 5 shows the current distributions on a thin strip. The thin strip is approximated by an ellipse with 2, 0.01 ab  . It can be seen that the current distribution from BDE is flat on the upper and lower half of the strip, which is similar to the result from physical optics. At the two ends of the strip, the curvature is infinite and the current becomes singular. 
